Around 20% of all patients in intensive case units (ICUs) acquire an ICU-related infection as a consequence of frequent use of antibiotics and intensive treatment procedures (1, 31) . Of all ICU-related infections, 25% are caused by Staphylococcus aureus (31) . Knowledge of the S. aureus population structure and of the prevalence of virulence factors has been proven crucial for the investigation of the epidemiology of S. aureus throughout the world (34) .
Methicillin-resistant S. aureus (MRSA) clones can emerge by horizontal transfer of the staphylococcal cassette chromosome mec (SCCmec) between methicillin-resistant coagulasenegative Staphylococcus or MRSA and methicillin-susceptible S. aureus (MSSA) (51) . In the event of antibiotic pressure, the MSSA isolates have a high risk of SCCmec transfer and survive. As shown in the literature, MSSA lineages with a MRSAunrelated background may not provide a stable genomic environment for the integration of SCCmec (4, 23, 30, 32, 36, 43) . SCCmec transfer has been found to be stable in MSSA with a MRSA-related genetic background, i.e., multilocus sequence typing (MLST) clonal complex 1 (CC1), CC5, CC8, CC22, CC30, and CC45 (39) . The MSSA lineages with a MRSA background possess certain characteristics that favor their persistence in the host as well as the transfer between hosts.
As the highest antibiotic pressure in hospitals is found in ICUs, changes in the genetic background will be the most obvious among isolates from ICU patients. However, little is known about the genetic backgrounds of ICU isolates over time, and, therefore, this study investigates the genetic background and the virulence of S. aureus isolates obtained from 1996 to 2006 from ICU patients from 14 hospitals in The Netherlands.
MATERIALS AND METHODS
Study population. From 1 January 1996 to 1 July 2006, a total of 943 S. aureus isolates (maximum, 100 isolates per ICU) were collected from blood, wounds, and bronchial aspirate from patients in ICUs of 14 medical centers (two university hospitals and 12 referral hospitals) in The Netherlands. The centers were geographically spread throughout the country. The isolates were identified as S. aureus at the local laboratories, stored at Ϫ20°C, and then sent to a central microbiological laboratory for antimicrobial susceptibility testing and genetic characterization. The genetic characterization of all isolates was performed at the department of Medical Microbiology of the Maastricht University Medical Center (MUMC). Only the first S. aureus isolate from each patient was included. Clinical data of the patients were not available.
Typing of the spa locus. Real-time amplification of the spa locus, followed by sequencing, was performed as described before (45) . The spa types were clustered into spa CCs using the algorithm based upon repeat pattern (BURP) with the Ridom StaphType, version 1.5, software package (http://www.ridom.de). The default settings recommended by the manufacturer were used. Since it has been shown that spa typing, together with the algorithm BURP, yields results consistent with typing results obtained by pulsed-field gel electrophoresis and MLST (2, 20, 21) , the associated CCs, as determined with MLST, were allocated through the Ridom SpaServer (http://spaserver.ridom.de).
MLST. All MRSA isolates were typed with MLST. To confirm the association between spa typing and MLST, MLST was performed on two or three MSSA isolates randomly selected from each of the spa CCs. MLST was performed with primers described by Enright et al. (19) , with the modifications described by Deurenberg et al. (11) . The amplification was performed on a conventional PCR system (Perkin Elmer GeneAmp 9600), using the following program: 15 min at 95°C, followed by 35 cycles of 1 min at 95°C, 1 min at 55°C, and 1 min at 72°C, and with a final step for 5 min at 72°C. Following amplification, the PCR products were purified using a QIAquick PCR Purification Kit (Qiagen, The Netherlands). Sequencing of the PCR products was performed as described previously (40) . The corresponding sequence types (STs) were obtained from the MLST database accessible via http://www.mlst.net. For spa CCs that consisted of fewer than 10 isolates, no MLST was performed.
Other genotypic determinations. The oxacillin-resistant isolates were analyzed for the presence of the S. aureus-specific femA gene as well as the MRSA-specific mecA gene using a multiplex real-time PCR assay (14) . The type of the mobile resistance determinant SCCmec was determined with multiple PCR assays. These PCR assays involved determination of ccr genes and mec complexes as described previously by Ito et al. (29) and Zhang et al. (53) .
In all isolates, the presence of the virulence determinants Panton-Valentine leukocidin (PVL), toxic shock syndrome toxin 1 (TSST-1), and collagen adhesion (CNA) (6, 12, 47) was determined with real-time PCR assays (10; R. H., Deurenberg, M. I. A. Rijnders, S. Sebastian, M. A. Welling, P. S. Beisser, and E. E. Stobberingh, submitted for publication).
RESULTS
Of the 943 isolates collected, 7 isolates were oxacillin resistant and mecA positive and were identified as MRSA. The remaining 936 isolates were identified as MSSA.
Distribution of spa types and BURP analysis of the MSSA isolates. A total of 313 different spa types were found among the 936 MSSA isolates. Seventy-seven spa types (25%) were not described previously. Among the new spa types, three new spa repeats were found (r198, r199, and r202). The 313 spa types were clustered into 19 spa CCs, 4 of which had no founder. Of the 936 isolates, 45 (5%) could not be clustered and were classified as singletons. Seventy-two isolates (8% of the total isolates) were excluded from the analyses because the spa types found were less than five repeats in length ( Table 1) . The results obtained with spa typing/BURP analyses were in agreement with the results obtained with MLST. With MLST, two new STs, ST282 and ST1302, were found ( Table 1) .
The main spa CC was spa CC 084 (19% of the isolates). This spa CC consisted of two MLST CCs, i.e., MLST CC7 (n ϭ 65; founder t091) and MLST CC15 (n ϭ 116; founder t084). The two MLST CCs are "connected" through spa type t2636. Other MLST CCs observed were MLST CC30 (spa CC012; n ϭ 162; 17%), MLST CC8 (spa CC024; n ϭ 87; 9%), MLST CC45 (spa CC15; n ϭ 86; 9%), MLST CC5 (spa CC002; n ϭ 71; 8%), and MLST CC1 (spa CC127; n ϭ 70; 7%). Among the remaining MLST CCs, 5% or less of the total number of MSSA isolates were represented.
One of the four spa CCs with no founder was associated with MLST CC59. The others were associated with an undetermined MLST CC. Of the 72 excluded MSSA isolates, 32 were associated with MLST CC45.
Sixty-two percent of the MSSA isolates had a genetic background common to the MRSA lineages MLST CC1, CC5, CC8, CC22, CC30, CC45, CC59, and CC398. The genetic background of 17% of the MSSA isolates was associated with MSSA-associated lineages, i.e., MLST CC7, CC9, CC12, CC15, CC20, CC25, CC121, CC182, and CC1021. Of the remaining isolates (6%), the associated MLST CC could not be determined.
Distribution of S. aureus lineages over time. The prevalence of the isolates with a MRSA-related genetic background, i.e., MLST CC1, CC5, CC8, CC22, CC30, CC45, CC59, and CC398, remained relatively stable during the study period, with the smallest amount in 1999 (53%) and the largest amount in 2004 (71%). The prevalence of isolates with a MSSA-related genetic background, i.e., MLST CC7, CC9, CC12, CC15, CC20, CC25, CC121, CC182, and CC1021, remained relatively stable during the years, with the smallest amount in the 1998 (23%) and the largest amount in 1999 (37%).
Several MRSA-related MLST CCs (MLST CC30 and 45) were continuously present between 1996 and 2006. MLST CC398 was present only in 1997, 2001 , and 2006. The prevalence of MLST CC1, CC5, CC22, and CC8 fluctuated during the study period. Some MSSA-related MLST CCs fluctuated over time, i.e., MLST CC7, CC9, CC12, CC15, CC20, and CC25, while other MSSA-related MLST CCs, i.e., MLST CC88, MLST CC1021, MLST CC182, and MLST CC50, were observed only sporadically (Fig. 1) .
Prevalence of virulence factors PVL, CNA, and TSST-1. Of the 943 isolates, 17 (2%) were PVL positive. Seven of these isolates were associated with MLST CC30; the others were associated with MLST CC15 (n ϭ 1), MLST CC1 (n ϭ 1), MLST CC25/101 (n ϭ 2), MLST CC22 (n ϭ 1), and MLST CC121 (n ϭ 2). The three other PVL-positive isolates were related to undetermined MLST CCs. Fourteen of the PVLpositive strains were also positive for the cna gene, six of which also harbored the tst gene.
A total of 433 isolates (46%) were positive for the cna gene. These isolates were predominantly associated with MLST CC30 (n ϭ 150; 35%) and MLST CC45 (n ϭ 76; 18%). The remaining CNA-positive isolates were associated with different MLST CCs, i.e., MLST CC1 (n ϭ 43; 10%), MLST CC22 (n ϭ 20; 5%), MLST CC7/15 (n ϭ 18; 4%), MLST CC12 (n ϭ 18; 4%), MLST CC121 (n ϭ 14; 3%), MLST CC5 (n ϭ 6; 1%), MLST CC25/101 (n ϭ 5; 1%), and MLST CC9 (n ϭ 2; Ͻ1%). Furthermore, 4 of the 433 (Ͻ1%) CNA-positive isolates were associated with a spa CC with no founders, 17 (4%) were associated with singletons, and 47 (11%) CNA-positive isolates were excluded from the BURP analyses.
A total of 194 (21%) S. aureus isolates were positive for the tst gene, of which 132 isolates (89%) were associated with MLST CC30 (spa CC012, n ϭ 111; spa CC166, n ϭ 21). The remaining tst-positive isolates were present among multiple MLST CCs (Table 1) .
MRSA. Seven of the 943 S. aureus isolates carried the mecA gene and were classified as MRSA. Four isolates were typed as ST8-MRSA-IV ([UK MRSA-2/-6] the roman numeral indicates the SCCmec type), two were ST5-MRSA-II (New York/ Japan clone), and one was ST228-MRSA-I (Southern Germany clone). All MRSA isolates were PVL negative. The two ST5-MRSA-II isolates were TSST-1 positive.
DISCUSSION
No changes in the S. aureus population structure of ICU patients in The Netherlands over time were observed. The t338, t342, t382, t631, t685, t707, t710, t822, t840, t871,  t974, t1070, t1397, t1504, t1626, t1642, t1654, t1827,  t1889, t1945, t2018, t2024, t2271, t2785, t3001, t3007 c This is a new ST with MLST profile 2-4-2-2-6-3-2 (spa type t012). d This is a new ST with MLST profile 6-2-6-98-7-5-5 (spa type t645). e These MLST CCs are associated through the spa server. f Single-locus variant of ST15 at locus 7 (yqiL). g Single-locus variant of ST 30 at locus 4 (gmk). h Single-locus variant of ST 22 at the locus 6 (tpi). i Single-locus variant of ST9 at the locus 6 (tpi). j The 313 spa types were clustered into 19 spa CCs, four which had no founder; 45 isolates could not be clustered and were classified as singletons, and 72 isolates were excluded from the analyses because the spa types found were less than five repeats in length.
k Data represent the results of MLST. Most of the time, only the ST of the main cluster was present. In some cases, locus variants were observed.
and because SCCmec transfers only in MSSA isolates with an MRSA-related background (39), whereas in this study 62% of the MSSA isolates had a MRSA-related background. This percentage is higher than the 50% described by Nulens et al. (40) and Hallin et al. among hospital isolates (25) , probably due to the high antibiotic usage in ICUs. The genetic background of the MSSA isolates observed in the present study was heterogeneous. However, the main MLST CC was CC30, as has been described previously in studies from in-and outpatients in The Netherlands (9, 37, 40) .
Distribution of S. aureus lineages over time. The prevalence of MLST CC1, CC25, and CC30 was stable and present throughout the study period. These MLST CCs were also found in studies from in-and outpatients in The Netherlands (37, 40) . The prevalence of MLST CC8, CC15, and CC45 fluctuated over time. The change in prevalence might be due to import from abroad or from cross-border healthcare (8, 52) , but further studies to confirm this hypothesis are needed.
MLST CC398, associated with a pig MRSA, was found among the MSSA isolates (33) . These isolates probably derived from pigs or from MRSA from pigs that lost their SCCmec (15, 16 (27) , which was later isolated in several countries worldwide, for example, France and China, and in several regions in The Netherlands (5, 28, 48) . The first association between pigs and ST398 was observed by Armand Lefevre et al. (5) . This study observed both the first MSSA and MRSA associated with ST398, isolated around 1998 (5) . In the present study, two MSSA isolates with MLST CC398 were observed for the first time in 1997 in the southern region of The Netherlands, which is an agricultural region (48) . It is possible that the MSSA isolates with this genetic background were the ancestors of the MRSA isolates found later in multiple Dutch studies.
Prevalence of virulence factors. Two percent of the isolates were PVL positive, which was lower than described by Monecke et al. (38) , in which 30% of the clinical MSSA isolates were PVL positive. This difference in PVL prevalence is most likely due to the origin of the isolates. Isolates derived from skin infections, as in the study of Monecke et al., have a higher prevalence of PVL because of the association of PVL with skin infections (6) . In this study various MLST CCs, mainly MLST CC30, were associated with the PVL-positive strains in this study. Aires-de-Sousa et al. and Diep et al. also found that several MLST CCs, i.e., MLST CC1, CC8, CC30, CC59, CC80, and CC121, were associated with PVL-positive MSSA isolates (3, 13) . This diversity in PVL-positive strains might be due to the fact that the PVL genes are located on several different phages and can thus spread into different S. aureus lineages (38) .
In a Spanish study, a progressive increase in PVL-positive S. aureus isolates was observed in invasive isolates from 21 hospitals in the year 2006 (42) . Almost 50% of the MSSA isolates were PVL positive whereas 2% were found in earlier studies in Spain (7, 42) . This observation was not seen in our study, where the PVL prevalence remains the same over time.
In previous studies, CNA was found among S. aureus lineages MLST CC1, CC12, CC22, CC30, CC45, and CC51 (12, 35) . The CNA-positive isolates in this study were predominantly associated with MLST CC30 and CC45. In the present study, S. aureus lineages, associated with MLST CC5, CC7, CC15, and CC25, were found to be CNA positive. Thus, the virulence factor CNA is not limited to the MLST CCs mentioned above. This can be explained by the notion that CNA is encoded within a genetic element and could be associated with a lysogenic bacteriophage (22) .
About 16% of the isolates were positive for TSST-1. In a German study a TSST-1 prevalence of 40% among the MSSA isolates was found (32) . As in other studies, in The Netherlands, Germany, and Japan a prevalence of TSST-1 between 5 and 20% was found (9, 40, 41, 44) . TSST-1 has already been observed in MLST CC5, CC6, CC8, CC30, and CC45 (17, 26, 32, 41) . In this study, several MLST lineages were associated with tst-positive strains, some of which were not described before, i.e., MLST CC1, CC7, CC9, and CC25. As the tst gene is situated on SaPI2, a mobile genomic island, it can be transferred horizontally between the different S. aureus lineages (32) . MRSA. Four MRSA isolates were associated with ST8-MRSA-IV (UK MRSA-2/-6), which was earlier found in Dutch hospitals and in multiple countries worldwide (9, 50) . Two MRSA isolates were associated with ST5-MRSA-II (New York/Japan clone), which was identified as the dominant MRSA in hospitals in New York and Japan (9) and was recently observed to be a dominant clone in the hospitals in The Netherlands as well (8) . The other MRSA isolate was associated with ST228-MRSA-I (southern Germany clone) (9) . The clones from southern Germany have been found sporadically in The Netherlands (9) . Despite the high number of isolates with a MRSA-related background, the prevalence of MRSA in The Netherlands is still low. This probably results from (i) the national search-and-destroy policy implemented in 1988 (18, 49) and (ii) the low use of antibiotics, almost the lowest in Europe and globally (24) .
In summary, the prevalence of MSSA with a genetic background common to MRSA clones, e.g., MLST CC1, CC5, CC8, CC22, CC30, and CC45, fluctuated between 53 to 72%, which suggests that there is a relatively high chance that ICU patients will be infected with a MSSA with a MRSA-related genetic background. Despite the unique patient population in ICUs, no differences were observed in the genetic background and prevalences of virulence factors of S. aureus in ICUs in The Netherlands over time. Furthermore, no differences in the genetic background of S. aureus strains were observed between in-and outpatient studies and the ICU.
